Inhalation of toxic gases accounted for 11% of all reported injuries to firemen in 1976. Of the 161 662 firemen studied in the Fire Administration's Annual Death and Injury Survey, 152 (0-094%) were officially forced to retire or change jobs because of lung disease.' The hazard to firemen may be increasing because of the increased use of chlorinated hydrocarbons, such as polyvinyl chloride, in synthetic building materials. These substances may release large amounts of potentially toxic compounds, including hydrochloric acid, to the components of smoke as they decompose during the process of heating and burning.2 After exposure, symptoms such as substernal chest pain, dyspnoea, and headache are commonly seen,2 and hypoxia has been reported in a large percentage of firemen immediately after smoke inhalation. 3 The acitte and chronic effect of such exposure on pulmonary function, as measured by spirometry, is not clear. Small acute reversible changes in FEV, after the inhalation of dense smoke have been documented by Musk et al. 4 However, his group has been unable to document chronic changes in spirometry. 5 We recently had the opportunity to study the pulmonary function of 30 firemen immediately after their exposure to dense smoke. Follow-up studies were performed six weeks and 18 months after the initial tests and are the subject of this report. The data collected were stored in a computer and analysed using the statistical procedures outlined by Nie et al.8 Results Thirty firemen were studied initially with spirometry. The mean age was 28 years and these men had an average of seven years of service with the Houston Fire Department.
Methods
Twenty-three per cent. had a history of five or more pack-years of smoking. When seen in the emergency room, 28 of these 30 men (93%) had some symptom attributed to their recent smoke exposure: 19 (63%) complained of substernal pain or burning, nine (30%) of headache, eight (27%) of burning eyes, eight (27%) of dyspnoea, and six (20 %) had nausea ( fig 2) . None had wheezing at the time of their physical examination.
Of the initial 30 men studied, 24 were available for repeat studies at six weeks. The others either refused (three) or could not be located. There was no significant difference in age, length of service, or smoking history between the 30 who were initially studied and the 24 in the follow-up group. There was no significant difference in the prevalence of the presenting symptoms between those restudied and those not restudied. Of the firemen in this follow-up group, nine had used their air packs. All, however 'had removed them during the exposure period. More than 80% of the firemen were within 30 feet of the blaze, and all were in the unusually thick smoke. The median exposure time was 120 minutes with a range of 30 minutes to 15 hours. These men fought an average of 2-9 fires between the first study and the six-week follow-up.
The results of the pulmonary function tests (PFTs) of the 24 men restudied at six weeks are summarised in table 1 9 Such nonspecific respiratory complaints were more common among those who reported the production of black mucus after exposure to fire and smoke, and correlated with indicators of accumulated lifetime episodes of severe exposure. A prospective study of 1430 Boston firemen found an annual loss of 77 ml from the FVC and 68 ml from the FEV,, compared to only 25 to 30 ml in normal, non-firemen, control subjects. This loss of pulmonary function correlated with the frequency of exposure. There was no decrease over this year in FEV1%.'O When the study of these firemen was extended over a three-year period however, this abnormally rapid loss of lung volume was not sustained.5 The apparent discrepancy in these two reports might be explained by two factors. First, improved safety techniques introduced during the period of study, such as the use of air packs, may have reduced the severity of exposure to toxic fumes. Second, those men affected by lung problems may be the most likely to leave the fire department, leaving those less affected for study. 10 11 Hypoxaemia was found in 19 of 21 Los Angeles firemen studied immediately after they were exposed to smoke, although most were asymptomatic.3 When spirometry studies were done a month later and compared with a matched group of non-fir-emen, no statistical difference could be shown. 12 We studied our group of firemen in an attempt to delineate the effect on spirometry of a single severe, but uncomplicated, smoke inhalation. Our initial data revealed a significant decrement in lung volumes: FVC compared to predicted values, and both FVC and FEV, compared to matched control data. FEV1 % and MMEF were normal.
We had expected to find an increase in the FEV1 and FVC at the six-week follow-up study, which would imply that the firemen had had an acute but reversible lung injury. We found no such difference. In fact, the results of the two measurements were almost identical ( There are two possible explanations for the decreased lung volumes seen in our firemen. These abnormalities could have predated their exposure to this fire, or the firemen could have sustained a pulmonary injury which resulted in a significant decrement in lung volume. We find the latter explanation improbable especially since there was no demonstrable flow obstructive component, nor any reversibility-that is, follow-up functions were not significantly different. Musk, by studying firemen many times before and immediately after exposure to smoke, found a small, but significant decrease in lung volumes, which was related to the severity of the exposure. 4 The decrement seen in our firemen, immediately after the fire, was much larger than the changes reported by Musk even for the most severe exposure, and is therefore unlikely to be the result of this single exposure. Further, the data of Musk strongly imply that the changes he observed were reversible as his firemen had no cumulative loss over the study period. We saw no reversibility. Therefore, it is most likely that this decrement was present before and was not specifically caused by, this exposure, despite its severity.
The decrease we have demonstrated is similar in degree to that found by Peters et al,10 and the decrease in FVC and FEV, per year is similar to that which they found (though not reaching significance in our study, probably because of the small numbers).
This experience gives further support to the theory that seasoned fire fighters do have abnormal pulmonary function in addition to a high degree of nonspecific chest symptomatology, and is consistent with the findings of Sidor and Peters.9 'O Further, our data strongly suggest that the reduction results from frequent, repeated insults, each of which causes a decrement difficult to quantitate with spirometry, but which have a cumulative effect over years of exposure.
Increased prevalence of chronic cough and sputum production has also been noted among workers exposed to nonspecific airways irritants in the coal,'3 coke,'4 steel,'5 and other industries. Lapp has called this process industrial bronchitis.'" Spirometry has been studied in subjects with bronchitis induced by occupational exposure and generally shows a 50 to 160 ml reduction in mean FEV, or FVC, if large numbers of workers are examined.'7 The similarity of the symptoms and findings in those with industrial bronchitis to those of firemen are apparent from our study and those of others.8 9 In summary, we have described a group of firemen who were exposed to the noxious products of combustion. They had a high prevalence of nonspecific complaints related to the chest similar to the symptoms of industrial bronchitis. We found a significant decrement in lung volumes (FVC, FEV1), and no improvement during the follow-up period. These results provide additional evidence for the presence of abnormal pulmonary function in fire fighters. They suggest that the decrement in function is related to frequent, repeated insults over time rather than sudden decreases associated with specific exposures.
